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Uttrasensitive enryme immunoassays Onv 
mune complex transfer enzyme immunoaB- 
says) were developed for antibody IflGs to 
HIV-1 using recombinant reverse Uan- 
scriptase (rRT). pl7 (rpl7), and p24 (rp24) 
as antigens. Antibody IgGs were reacted wrtth 
2,4-dinitrophenyl-recombinant antigens and 
recombinant antigen -p-o-galactos*daseoof>- 
jugates. arxJ the immune complexes foimad, 
comprising the three components, were 
trapped onto polystyrene beads coated wtth 
(antt-2,4-dinitrophenyl group) IgG. After 
washing, the immune comptexes were eluted 
from the polystyrene beads with exo©«8 of 
eW-2,4-dinitrophenyl<-lysine arid weretians- 
lerred to dean poJystyrene beads coated wtth 
(antihuman IgG y-chain ) IgG. ^-o-Oa1acto«l- 
dase activity bound to the last polystyrefW 
beads was assayed by fluorometry. By trarw- 
fer of the immune complexes from one solid 
phase to another, the nonspecific binding of 
the {i-o-galactosidase conjugates was mini- 
mized and the sensitivity was markedly Inv 
proved. The immune complex transfer 
enzyme immunoassays using rRT. rp17, end 
rp24 as antigens were 300-1 , 000-fold » 
1 .000-3.000-fold, and 30-100-fold, respec- 
tively, more sensitive than Western blotting 
for the corresponding antigens and 10-300* 
told more sensitive than a conventk>nal 
ELISA and a gelatin particle eggtuttetlon 
test. For urine (100 whole saliva (1 lU), 
and serum ( 1 ^1) samples, the sensitivity and 
specificity of the immune complex transfer 
enzyme immunoassay using rRT as antigen 
were both 1 00%. However, for urine samples 
in v^fhich the specific activities of antibody IgQ 
(o RT. p17. and p24 were much lower than 
those in serum samples probably due to 
degradation by the kidney, a longer asaay of 
bound p-o-galactosidase activity or/ar»d a 



concentration process for urine was required. 
The use of more than 1 nl of whole saliva 
was recommended for reliable diagnosis of 
the infections, whereas l^lt of senjm was 
sufficient for the purpose. The positivity with 
rRT as antigen could be confirmed by dem- 
onstration of antibody IgGs to pi 7 and p24 
in most of the urine, whole saliva, and se- 
mm samples. In HIV-1 seroconversion se- 
rum panels, antibody IgG to p17 v;as 
detected as early as or even earlier than 
antibodies to HIV-1 by a conventional ELlSA 
or/and a gelatin particle agglutination test, 
whereas antibody IgGs to RT and p24 were 
detected as early as or later than antibody 
IgG (o pl7. Thus the uses of rRT and rp17 
as antigens were advantageous over that of 
the other antigens for randomly collected 
serum samples probably long after the in- 
fection and serum samples at early stages 
of the infection, respectively. On the basis of 
these results and other reports, the immune 
complex transfer enzyme immunoassay was 
developed for simultaneous detection of p24 
antigen and antibody IgGs to RT and pi 7 in 
a single assay tul:>e. and the window period 
(8 weeks, although widely variable), during 
which diagnosis of HIV- 1 Infection is not pos- 
sible due to the absence of detectable anti- 
bodies (0 HIV-1 , was shortened by 2 weeks. 
As a result, the simultaneous detection made 
possible not only as early diagnosis as that 
by detection of p24 antigen, but also as reli- 
able diagnosis as that by detection of anti- 
bodies to HIV-1. Finally, the immune complex 
transfer enzyme immunoassay has been re- 
centty improved so as to be performed within 
shorter periods of time (2-3 hr) with higher 
sensitivity, and testing many samples has 
become easy J. Clin. Lab. Anal. 11 :267-286. 
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INTRODUCTION: REVIEW OF ENZYME 
IMMUNOASSAY APPLICATIONS 

For diagnosis of infection with human immunodeficiency 
virus type 1 (HIV- 1), antibodies to HIV-1 in serum, plasma 
and whole blood samples have been detected by various meth- 
ods such as enzyme-linked immunosorbent assay (ELISA) 
and agglutination test with latexes, red cells, and gelatin par- 
del es, and Western blotting has been used as a confirmatory 
test ( 1 ). However, some drawbacks have been noted. There is 
a window period after the infection during which no antibod- 
ies to HIV-1 can be detected (2-7). There are significant num- 
bers of indeterminate results due to low sensitivity and 
specificity of Western blotting as a confirmatory test (2,8- 
10). Blood samples should be collected and handled with 
due caution to avoid infections, not only with HIV but 
also with other pathogens such as hepatitis B and C vi- 
ruses (11). In order to minimize the possibility of infec- 
tions and to reduce the costs of tests, attempts have been 
made to diagnose HIV- 1 infection by deiecdng antibodies 
to HIV-1 in urine and saliva (11-14). However, the sensi- 
tivity and specificity of currently available methods are 
not satisfactory (12-14). 

This article reviews the application of ultrasensitive and 
highly specific enzyme immunoassays (immune complex 
transfer enzyme immunoassays) for antibody IgGs io pol (re- 
verse transcriptase (RT)) and gag (pi 7 and p24) proteins of 
HIV- 1 and for p24 antigen of HIV- 1 , which significantly over- 
come the above drawbacks of conventional methods in diag- 
nosis of HIV- 1 infection ( 1 2 J 5-24). 

CONCENTRATION OF IgG IN URINE, SAUVA, 
AND SERUM 

In healthy and HIV- 1 seronegative subjects aged 7-87 yr, 
the concentj-ations of FgG in urine and whole saliva samples 
measured by two-site enzyme immunoassay were 3.8 ± 4,7 
(SD)jig/ml (range, 0.05^1 ^g/ml; n=279)(12), and 35±36 
(SD) ^g/ml (range, 0.7-187 fig/ml; n=76) (18), respccdvcly. 
These were 4,(XX)-fold and 400-fold, respectively, lower than 
those in semm samples ( 1 5.2 ± 6.3 (SD) mg/ml; range» 3»8- 
36 mg/ml; n=105) (Fig. I ) ( 1 2). There was no significant dif- 
ference between the sexes of IgG concentration in urine, whole 
saiiva. and serum samples. Urine samples were collected ran- 
domly without controlling physical positions. However, it is 
recommended that urine samples be collected after some 
physical activities, since the concentration of IgG in unne 
samples tends to be higher in the upright position or during 
exercises than in a lying position. Whole saliva samples were 
collected by simple spitting without using any devices, al- 
though some devices have been described to collect saliva 
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Fig. 1 . Conccnlration of IgG in scnim. urine, and whole saliva from heaJlhy 
HIV* I seronegative subjects. Urine samples were collected without control- 
ling physical positions. Whole saliva samples were collected by simple spit- 
ling without using any devices. The concentration of IgC was measured by 
two-site enzyme immunoassay. Open and closed circles indicate values for 
males aged 7-85 yr and females aged 8-87 yr, respectively. 

samples containing high concentrations of IgG ( 1 3). In HI V- 
1 -infected subjects, the concentration of IgG in urine (12) 
(Fig. 2) and whole saliva (18) (Fig. 3) samples tended to be 
enhanced, but only slightly. Therefore, an ultrasensitive 
method for the detection of antibody IgG to HIV-1 in urine 
and whole saliva samples is required. 

IMMUNE COMPLEX TRANSFER ENZYME 
IMMUNOASSAY FOR ANTIBODY IgG TO HIV-1 

The principle of the immune complex transfer enzyme 
immunoassay has been described in detail elsewhere (23). In 
brief, the immune complex formed by reacting antibody to 
be detected with labeled antigen is trapped onto solid phase 
and, after washing the solid phase, is transferred to another 
clean solid phase to minimize the nonspecific signal for 
achieving high sensitivity. The most sensitive version among 
several variations of the immune complex transfer enzyme 
immunoassay is shown schematically in Figure 4. Antibody 
to be detected is reactetd simultaneously with 2,4-dini- 
trophenyl-antigen and enzyme- labeled antigen. The immune 
complex formed, comprising the three components, is trapped 
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Fig. 2. Concentration of IgG in urine samples from 100 HIV- 1 serorcgi- 
tive subjects and 83 HIV- 1 seropositive subjects (60 asymptomatic cajricre, 
1 1 patients with ARC and 12 patients with AIDS) shown iti Figure 6. 
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Fig. 3. Concemration of IgG in whole saliva samples from 76 medi- 
cal students and 61 HIV- 1 seropositive subjects (44 asympiomalic car- 
riers. 8 patients with ARC and 9 patients wilh AIDS) shown io Figure 
9. Triangles and circles indicate values for hemophiliacs and non- 
hemophiliacs, respectively. 



Rq. 4. Immune complex transfer enzyme immunoassay for antibody [gG. 
DNP: 2.4-dinitrophenyl group. Ag: antigen. Ab: antibody. Enz: enzyme. Ig; 
imreunoglobulin. 



onto solid phase coated with (anti-2,4-dinitrophenyl group) 
IgG. After washing, the immune complex i.s eluted from the 
solid phase with excess of e//-2.4.dinitrophenyl-L-lysine and 
is transferred to clean solid phase coated with anti-immuno- 
globulin IgG. Finally, the enzyme activity bound to the last 
solid phase is assayed by fluoromeiry By transfer from solid 
phase to solid phase of the immune complex, the nonspecific 
signal is reduced to a great extent, and the sensitivity can be 
improved markedly as compared with those of conventional 
methods (23), The use of p-o-galactosidase from Escheri- 
chia coli as label provides 30 times as sensitive immune com- 
plex transfer enzyme immunoassay as that of horseradish 
peroxidase (1 2, 16,24). 

Recombinant proteins used as antigens in the immune com- 
plex transfer enzyme immunoassay reviewed in this article 
are recombinant reverse transcriptase (rRT). pl7 (rpl7). and 
p24 (rp24), which were produced in £. coli transformed with 
expression plasmids carrying the corresponding cDN As and 
weie purified as described previously ( 1 5,25-27).The recom- 
binant proviral done used was pNL4-3 (28), which contained 
DNAfromHIV.l isolates NY5 (GenBank accession number 
HIVNM3) and LAV (29)» and the sequences for rRT, rpl7. 
and rp24 derived from NY5. 
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By applying the same principle as used for the detection of 
antibodies^ p24 antigen of HI V-1 has been measured with high 
sensitivity (22). 

DIAGNOSIS OF HIV-1 INFECTION WITH URINE 

Stability of Antibody IgG to HIV-1 in Urine 

Urine samples immediately after collection were mixed 
with 1/100 volume each of 10 mg/ml bovine serum albutnm 
and 1 00 mg/ml NaNj. or 5 mg/ml diimerosal and were stored 
at -20''C (12,15-17). Under this condition using thimerosal, 
anti-HIV-1 IgG detectable by the immune complex transfer 
enzyme immunoassay using rRT as antigen and horseradish 
peroxidase as label was stable for at least 6 months (Rg. 5) 
(12,15). 

Effect of Urine Volume and pH on Signal 

The signal by the immune complex transfer enzyme im- 
munoassays using rRT, rpl7, and rp24 as antigens and p-D- 
galactosidase from E. colia?i label (the fluorescence intensity 
for p-D-galactosidase activity bound to solid phase coated with 
(antthuman IgG y-chain) IgG) is only slightly influenced by 
the volume of urine up to 100 \i\ (12,15-17), but varies de- 
pending on pH of urine. The maxima] signals for HIV- 1 se- 
ropositive subjects were observed at pH 7.5-8.0 with rRT 
(12,15,16) and rpl7 (12,15) as antigens, and at pH 5.0 with 
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Fig. 5. Stability of antibody IgG to HIV- 1 in urine. Urine samples were 
collected from 71 HIV- 1 seropositive subjects and were stored al -TSTQ af- 
ter addition of 1/1 00 volume each of 1 0 mg/ml bovine senim albumin and 5 
mg/ml thin:>erosaL Antibody IgG to HIV- 1 in urine was measured by Che 
immune complex transfer enzyme immunoassay using rRT as antigen and 
horseradish peroxidase as label shortly after coUeciion (abscissa) and 6 
monihA after the storage (ordinate). 



rp24 as antigen (12,17). The signals were lowered by 21- 
30% at pH 5.0-5.5 with rRT (12,15,16) and rpl7 ( 12J5) as 
compared with the maximal signal, and by 29% al pH 8.0 
with rp24 (12,1 7). The nonspecific signals for HIV- 1 seroneg- 
ative subjects were slightly enhanced at lower pH with rRT 
(12,15,16) and rpl7(12J5). and at higher pH with rp24 
(12,17). From these results, appropriate adjustment of pH of 
urine samples is recommended for effective detection of an- 
tibody IgG to HI V- 1 , since pH of urine samples varied from 
5.0 through 8.0. 

Sensitivity and Specificity of Immune Complex 
Transfer Enzyme Immunoassay 

Eighty-three urine samples from HIV-I seropositive sub- 
jects — 60 asymptomatic carriers, 1 1 patients with AIDS-re- 
lated complex (ARC), and 12 patients with AIDS — and 100 
urine samples from HIV-1 seronegative subjects were tested 
by the immune complex transfer enzyme immunoassay us- 
ing rRT as antigen and P-D-gaiactosidase from £. coli as label 
(12,15,16). The volume of urine samples used was 100 fil. 
The ratios of the lowest signals for the asymptomatic carriers 
and the patients with ARC and AIDS to the highest signal for 
the seronegative subjects were 8.2, 11, and 7.2, respectively, 
when bound ^-^-galactosidase activity was assayed for 2.5 
hr (Table 1). By a longer assay (25 hr) of bound p-o-galac- 
tosidase activity, the ratios were enhanced to 14, 29, and 10, 
respectively (Fig. 6A, Table I). The ratios were also signifi- 
cantly enhanced by using 10-fold concentrated urine samples, 
which can by prepared by 20 min centrifugation in a 
microconcentrator (Fig. 7) and by the combined use of rRT, 
rpl7, and rp24, since signals with rRT as antigen were lower 
than those with rpl7 or/and rp24 as antigens in some HIV-1 
seropositive subjects (Table 2). 

Thus the sensitivity and specificity of the immune com- 
plex transfer en/.yme immunoassay for antibody IgG to HIV- 
I in urine using rRT as antigen andp-o-galactosidase fromE. 
coli as label were both 100% (sensitivity; 60/60 for asymp- 
tomatic carriers, 11/11 for patients with ARC, and 12/12 for 
patients with AIDS and specificity: 100/100) with no inde- 
terminate results using 1 00}xl of unconcentrated urine samples 
(Fig. 6) and were expected to be both 100% even for a larger 
number of samples by using both 10-fold concentrated urine 
samples and the three antigens (rRT, rpl7 and rp24) (Table 
2). Furthermore, the positivity could be confirmed by sepa- 
rately demonstrating antibody IgG to each of rRT, rpI7 
(12,15,16), and rp24 (12,17) in most cases (Fig. 6). How- 
ever, it is recommended to measure IgG in each urine sample 
and not to make negative diagnosis for urine samples con- 
taining < 1 |ig/ml of IgG (Fig. 2). 

Sensitivity and Specificity of Conventional 
Methods 

The sensitivity and specificity for urine samples from the 
above seropositive and seronegative subjects (Fig. 6) of the con- 
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TABLE 1. Lowest Cutoff Index (Ratio of the Lowest Signal for HlV-1 SeroposiHve Subjects to the Highest Nonspecific Signal 
for HIV- 1 Seronegative Subjects) by Immune Complex Transfer Euzyroe Immunoassay Using rRT as Antigen 



Sample 



Assay time for bound 



AC* 



Lowest cutoff index 



ARC' 



AIDS' 



^ — ^..^ .^.^ , _ 

Urine (unconccntrated, 

100 ^il) 
Whole saliva 


2.5 
25 
2.5 


8.2 
14 
?8 


U 
29 
78 


7.2 
10 
3.0 


(1 
Serum 


2.5 


22.400 


26.400 


2,080 


(1 Ml) 
Serum 


2,5 


56,000 


66.000 


5.200 


(^0 nD 











"Asymptomatic carriers. 

*'Paiients with AIDS- related complex. 

•^Patients with AIDS. 



ventional ELISA (Abbott HTLV-Ill EIA with recombinaat gp 
120, gp41, p24, pi 7, and pi 5 a.s antigens, Abbott Lab, Nortli 
Chicago, IL) and the gelatin panicle agglutination lest (Scrodia- 
HIV with lysate of HIV-) as antigen. Fujirebio, Tokyo, Japan) 
were 77-89% and 97-99%, respectively (12, 1 5). With approxi- 
mately 1 0-fold concentrated urine samples, the sensitivity was 
slightly improved, but the specificity was lowered to 57-76% 
due 10 enhanced nonspecific signals ( 1 2.1 5). 

In other laboratories, antibodies to HIV-1 in urine samples 
were detected by the conventional ELIS A (30-32)» IgG anti- 
body-capture, enzyme — linked immunosorbent assay 
(GACELISA) (33-35) and IgG antibody-capture particle ad- 
herence test (GACPAT) (33,34). The sensitivity and specific- 
ity of the conventional ELIS A performed using various 
commercial kits were 93.0-100% and 92.3-100%, respec- 
tively (30,31). In only one report, both the .sensitivity and 
specificity were 100%, but the ratio of signal to noise was not 
improved by concentration of urine samples (32). The sensi- 
tivity and specificity of GACELISA were 88,1-99.4% and 
97.9-100%, respectively (33-35). Those of GACPAT were 
95.2-100% and 97.9-99.6%, respectively (33.34). In the last 
two methods, the sensitivity would not be improved by using 
concentrated urine samples, a.s long as the level of IgG in 
urine samples reached the low level needed to saturate the 
assay anti-IgG binding sites (33). 

Correlation of Levels of Antibody IgG to HIV-1 in 
Urine to Those In Serum 

Twenty-five paired urine (Y) and serum (X) samples from 
17 asymptomatic carriers, 3 patients with ARC, and 5 pa- 
tients with AIDS were tested by the immune complex trans- 
fer enzyme immunoassays using rRT, rpl7, and rp24 as 
antigens and P-D-galactosidase from E. coli as label (Fig. 8). 
When signals were corrected with the sample volume alone, 
the regression equations and the correlation coefficients were 
logCY)=0.83 log(X>3.6 and r = 0.45 with rRT as antigen, 
log(Y)=0.65 Iog(X)-2.4 and r = 0.63 with rpl7 and 
iog(Y)=0,77 log(X)-2.9 and r = 0.85 with rp24. These were 



improved by correction with the amount of IgG to log( Y)= 1 .0 
log(X)-l.6 and r = 0.66 with rRT, log(Y)=0.73 ]ogCX)-0-64 
and r=0,79 with rpI7 and log(Y)=0.82 log(X)-0.5l and r = 
0.87 with rp24.Thc specific activity of antibody IgG to RT of 
HIV-1 (the signal corrected by the amount of IgG) in urine 
samples was 3.9-34-fold lower in 56% of the 25 samples 
than that in serum samples, 50-li5-fold lower in 32%, and 
21 3-979-fold lower in 12%. The specific activity of antibody 
IgG to pl7 and p24 was also lower in urine samples than in 
senim samples, although to less degrees. These results sug- 
gested that antibody IgGs to HlV-1 were inactivated to vari- 
ous degrees in the kidney, but not drastically in urine samples 
collected, since antibody IgG to HIV-1 RT was stable at 
-20*C for 6 months as described above and after several freez- 
ing- tha wings. 

DIAGNOSIS OF HIV-1 INFECTION WITH 
WHOLE SALIVA 

Stability of Antibody IgG to HIV-1 in Whole Saliva 

Whole saliva samples were collected by simply spitting 
without using any device.^ and were frozen at -20°C immedi- 
ately after collection. The fro/en samples were thawed and 
ccntrifuged at 10.000 x g for 10 min to remove precipitates 
before asc, or were thawed and ccntrifuged to store the su- 
pernatant at -20X until u.se. Under this condition, antibody 
IgG to HIV- 1 detectable by the immune complex transfer 
enzyme immunoassay using rRT as antigen and p-o-galac- 
tosidase from £. coli as label was stable for at least 3 1/2 
months (18). 

Effect of Whole Saliva Volume on Signal 

When the volume of whole saliva was increased up to 100 
fUMssay, the signal by the immune complex transfer enzyme 
inununoassay using rRT as antigen and P-[>-galactosidase from 
£1 coli as label was linearly increased for HlV-1 seropositive 
subjects, but only slighdy increased for HIV- 1 seronegative 
subjects (18). 
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Fig. 7. Confirmation of the posiiiviiy and negativity by concentration of 
urine samples. Urine samples, which gave low signals by the immune com- 
plex transfer enzyme immunoassays using rRT (circles) and rpl7 {triangJcs) 
as antigens and horseradish peroxidase and E. coU p-i>-galactosidasc, rc- 
spcclively, as labels were concentrated 10-fold and tested by the same en- 
zyme immunoassays. The volumes of unconccntratcd and concentrated urine 
samples used were both 100 Open and closed symbols indicate signals 
for HIV- 1 seropositive and seronegative subjccLs, respectively. Arrows indi- 
cate changes by the concentration. The broken lir>e indicates the highest 
signals for unconccntratcd urine samples of .<;eronegative subjects. 



Fig. 6, Detection of antibody IgG lo HIV- 1 in unconccntratcd urine 
sannples. Urine samples from 83 HIV-t seropositive subjects (60 asymp- 
tomatic carriers, 11 patients with ARC and 12 patients with AIDS) and 
100 HIV- 1 seronegative subjecLs were tested by the immune complex trans- 
fer enzyme immunoassays using rRT CA» circles), rpt7 (B, triangles), and 
rp24 (C, squares) as antigens and p-o-galactosidasc from £. coli m label. 
The volume of urine samples used was lOO pi. Bound p-fvg&lactosidue 
activity was assayed al 30^*0 fur 25hr. The broken lines indicate the higjh 
est signals for the seronegative subjects. AC: asymptomatic carriers. ARC: 
patients with AIDS-reiated complex. AIDS; piitients with AIDS. 



Sensitivity and Specificity of Immune Complex 
Transfer Enzyme Immunoassay 

Whole saiiva samples were collected from 63 HIV- 1 se- 
ropositive subjects (45 asymptomatic seropositives aged 17- 
47 yr, 8 patients with ARC aged 10-52 yr, and 10 patients 
with AIDS aged 2 1 -^9 yr) and 76 medical students (50 males 
aged 19-58 yrand 26 females aged 19-26 yr) and were tested 



TABLE 2. Signal (Fluorescence Intensity for Bound P-o-Gyactosidas£ Activity) by Immune Complex T^nsfer Enzyme 
Immunoassay Using Each of rRT, rpl7, and rp24 and a Mhrtore of Three AnUgens' 



Urine sample 






Signal with conjugates of 




rRT 


rpl7 


rp24 


rRT. rpl7, and rp24 


Seronegatives 


1.1-1.2 


0,2-1.0 


0.7-0.8 


0.9-1.0 


(n=3) 










Seropositives 










I 


30 


35 


255 


232 


2 


106 


293 


II 


379 



'Amount of each recombinant protein conjugate was 100 fmol/assty for aepante uses and 30 fmol/assay for the combined use. Bound p-o-galactosidase 
activity was assayed at SCC for 2.5 hr. 
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10" 10^ 10' 10^ 10'' 10^ ID** 
Fluorescence Intensity for Bound B-D-Galactosldase 
Activity Corrected by the Amount of IgG (^ig) in Serum 

Fig. 8. Correlation l>ctwcen levels of antibody IgG lo HIV-I in Mtine 
(Y) and serum (X) samples. Twcniy-nve paired urine and serum samplM 
from 17 asympiomatic carriers. 3 paiienls with ARC. and 5 piiients 
with AIDS were tested by the immune complex transfer enzyme immu- 
noassavs using rRT(A), rpl7(B>, and rp24CC) as antigens, and fiuores- 
ccnce intensities for bound ^-t>galaciosidasc aclivily were corrected 
by the amount of IgG. The regression c^juations and correlation cocfTi- 
cicms are log(Y)=I.O log (Xhl.6 and r=^0.66 with rRT as antigen, 
Iog(Y)=0.73 log (X)-0.64 and r=0.79 with rpl7 as antigen and 
tog(Y)=0.82 log (X)-0.5I and r=0.87 with rp24 as antigen, 

by the immune complex transfer enzyme immunoassay us- 
ing rRT as antigen and P-o-galactosidase fromE. coli as label 
(Fig. 9) ( 1 8). Using as little as 1 ^1 whole saliva samples, 
the ratios of the lowest signals for the asymptomatic carriers 
and the patients with ARC and AIDS to the highest signal for 
the medical students were 38, 78, and 3, respectively. 

When the volume of whole saliva for test was increased up 
to 100 ^1, signals for HIV-1 seropositive subjects increased 
proportionally, whereas signals for the medical students in- 
creased only slightly (18). Therefore, whole saliva san^les 
containing extremely low levels of antibody IgG to RT of 
HlV-1, even 2,000-fold lower than the lowest level among 
the asymptomatic carriers and the patients with AUG and 150- 
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Fig. ». Detection of antibody IgG to HIV-1 in whole saliva samples. One 
<A. open circles) and 20 \i\ (B. open triangles) of whole saliva samples 
fh>m 63 HIV-1 seropositive subjects (45 osymptomatic carriers, 8 patients 
with ARC, and 10 patients with AIDS) and 76 niedical students were tested 
by the immune complex transfer enzyme immunoassays using rRT (A, circles) 
tnd rpl7 (B, triangles) as antigens and p-o-galaciosidase from E. coli as 
label. Bound P-o-galactosidasc activity was assayed at ^O^C for 2.5 hr. The 
broken lines indicates the highest signals for the medical students. 



fold lower than the lowest level among the patients with AIDS, 
w«e considered to be discriminated from those of HIV-1 se- 
ronegative subjects. Positive results with rRT as antigen can 
be confimied by demonsu-ating antibody IgG to rp 17 and prob- 
ably fp24 in most of whole saliva samples. Although 34 sub- 
jects out of the 63 seropositives were hemophiliacs, the 
concentrations of IgG in whole saliva samples from the he- 
mophiliacs and the nonhemophiliacs were not very different, 
indicating that the above results were not due to bleeding in 
the oral cavity of the hemophiliacs, if any (Fig. 3) (18). 

Thus the sensitivity and specificity of the immune com- 
plex transfer enzyme immunoassay for antibody IgG to HIV- 
1 in whole saliva samples using rRT as antigen and 
^galactosidase from £. coli as label were both 1 00% (sen- 
sitivity: 45/45 for asymptomatic carriers, 8/8 for patients 
with ARC and 10/10 for patients with AIDS and specific- 
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ity: 16n6) with no indeterminate results using as little as 
one microliter of whole saliva samples (Fig, 9) and were 
expected to remain both 100% even for a larger number 
of samples by increasing the volume of whole saliva 
samples up to 100 ^1, if necessary. However, it is recom- 
mended to measure IgG in each whole saliva sample and 
not to make negative diagnosis for whole saliva samples 
containing <10 Jig/ml (Fig. 3). 

Sensitivfty and Specificity of 
Conventional Methods 

In other laboratories, antibody IgG to HIV-1 in saliva 
samples has been detected by different methods. By the con- 
ventional enzyme-linked immunosorbent assay (ELISA), the 
sensitivities and specificities were 88.0-99.5% and 99,5- 
100%, respectively (36-41). and signals for many of sero- 
positive subjects were close to those for seronegative .subjects 
even using gingival crevicuiar tran.sudate samples (38,41). 
containing much higher concentrations of IgG than whole 
saliva samples (42). By the IgG antibody capture radioim- 
munoassay (GACRIA) (40.43) and the IgG antibody capture 
enzyme-linked immunosorbent assay (GACELISA) (34, 
35,41,43,44), the sensitivities and specificities were 96.9- 
100% and 99.8-100%, respectively. Using as much as 50- 
ICKD^l of saliva samples, however, the lowest signal among 
seropositive subjects was almost equal to or up to only 4- 
fold higher than the highest signal among seronegative 
subjects (35,40,41,43,44), and the number of seropositive 
subjects and seronegative subjects tested was limited (32- 
55 and 10-55, respectively) (35,41,43,44), although 196 
and 460. respectively, in one report using GACRIA (40). 
Therefore, the sensitivity or/and specificity may be low- 
ered for a larger number of samples. 

Correlation of Levels of Antibody IgG to HIV-1 In 
Whole Saliva to Those in Serum 

Paired samples of whole saliva ( Y) and serum (X) from 30 
to 34 HfV-l seropositive subjects (22-24 asymptomatic 
carriers, 4 patients with ARC, and 4-6 patients with AIDS) 
were tested by the immune complex transfer enzyme im- 
munoassays using rRT and rpl7 as antigens and p-o-ga- 
iactosidase from coli as label (Fig. 10) (18). The 
regression equations and the correlation coefficients were 
log(Y)=1.2 Iog(X)-3,6 and r =0.81 with rRT as anUgen 
and log(Y)=0-87 log(X)-2.0 and r= 0.91 with rpI7 as an- 
tigen, when signals were corrected by the sample volume 
alone. These were improved to log(Y)= 0.98 log(X)-0.l9 
and r = 0.92 with rRT as antigen and log(Y)a0.78 
log(X)+0.55 and r = 0.95 with rpl7 as antigen, when sig- 
nals were corrected by the amount of IgG. 

Level of Antibody IgA to HIV-1 In Saliva 

In saliva samples, the concentration of IgA is higher than that 
of IgG (23 ,42). In order to detect not only antibody IgG to HIV- 




Fluorescence Intensity for Bound f3-D-Qa]actosidase 
Activity Corrected by the Amount of IgG (ng) in Serum 



Bg. 10. Correlation between levels of antibody IgQ to HIV- 1 in whole 
Siliva(Y) and scrum (X) samples. A total of 30-34 paired whole saliva and 
senim samples from 22-24 asymptomatic carriers, 4 patients with ARC, 
and 4-6 patients with AIDS were rested by the immune complex transfer 
enzyme immunoa<;5;ay«; using rRT (A) and rp 1 7 (B) as antigens , and Ouores- 
cencc intensities for bound p-D-galactoxidasc activity were corrected by the 
amount of IgG. The regression equations and correlation cocfHcients are 
log(Y)=0.98 log (X)-0.I9 and with rRT as antigen and iog(y)==0.7e 

log (X>+0.55 and r=rO,95 with rp 1 7 as antigen. 

I, but also anti-HIV-1 antibodies of other classes. 2,4- 
dinitrophenyl-biotinyl-bovine serunn albumin-rRT conjugate and 
streptavidin-coated polystyrene beads were substituted for 2,4- 
dinitrophenyl-bovine serum albumin-rRT conjugate and (anti- 
human IgG Y-chain) IgG-coated polystyrene beads, respectively, 
in the immune complex transfer enzyn>e immunoassays de- 
scribed above. This substitution makes possible the detection 
of both IgG antibodies and antibodies of other classes with simi- 
lar sensitivities (23). Ten whole saliva samples from HIV-1 
seropositives were tested, and signals were not significandy 
increased. Therefore, the concentration of anti-HP/- 1 antibod- 
ies of other classes may be low in whole saliva samples, if any. 

Diagnosis of HIV-1 Infection Using Wiiole Saliva 
Dried on Filter Paper 

The diagnosis of HIV-1 infection in asymptomatic carriers 
has been shown to be possible using even dried whole saliva 
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samples (2-3 on filter paper discs with a diameter of 3 
mm as a substitute for frozen ones (45). 

Significance of Diagnosis of HIV-1 Infection With 
Whole Saliva 

The diagnosis of HIV- 1 infection by the immune complex 
transfer enzyme immunoassay using whole saliva samples is 
significant from the following viewpoints ( i 8). Whole saliva 
can be collected with no invasive procedures, no particular 
devices, minimal expenses, and minimal possibility of infec- 
tions with other pathogens. Reproducible results can be ob- 
tained using only small volumes of whole saliva samples. 
This is important, since whole saliva samples collected by 
simple spitting and subsequent centrifugation is small in vol- 
ume in some cases, making difficult repeated duplicate as- 
says with larger volumes, although the use of larger volumes 
appears to be more practical- For the diagnosis of HIV- 1 in- 
fection, one may only have to send one's whole saliva samples 
to a facility for test after freezing in a vial, e.g., with only a 
number for identification. Dentists may also make use of test 
results with whole saliva rather than serum or gingival crev- 
icular transudate samples (14,38) prior to dental treatments 
with possible bleeding. The use of whole saliva samples that 
can be collected with greater ease and lower costs than senim 
and gingival crevicular transudate samples (14,38) makes the 
diagnosis of HIV-1 infection easier in developing countries. 

DIAGNOSIS OF HIV-1 INFECTION WITH SERUM 

Effect of Serum Volunne on Signal (Serum 
Interference) 

When incieasing volumes of two senim samples from HIV- 1 
seropositive subjects were tested by the immune complex 
transfer enzyme immunoassays using rRT, rpl7 and rp24 as 
antigens and (3-D-galactosidase from £ coli as label, the sig- 
nal was enhanced almost linearly with up to 5 nK and only 
slight interference was observed with 10 ^il of serum (19). 

Sensitivity of Immune Complex Transfer Enzyme 
Immunoassay Compared With Those of 
Other Methods 

Scrum samples from 79 HIV- 1 seropositive subjects (50 
asymptomatic carriers, 9 patients with A IDS -related complex 
(ARC) and 20 patients with AIDS) and 100 HIV- 1 seronega- 
tive subjects were tested by the immune complex transfer 
enzyme immunoassays (Fig. 1 1) ( 19). The volume of scnim 
samples used was 10^1. The rauos of the lowest signals with 
rRTas antigen for the asymptomatic carriers and the patients 
with ARC and AIDS to the highest signal for the seronega- 
tive subjects were 56.000, 66,000» and 5,200, respectively. 
Even with I |il of serum samples, the ratios were 22,4<X), 
26.400, and 2.080, respectively, since the highest signal for 
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Rg. 11. Dcicciion of antibody IgG to HIV- 1 in scrum samples. Serum 
•amples (10 ^1) from 79 HIV-1 seropositive subjects (50 asymptomatic car- 
rienTy paliems with ARC. and 20 paiicms whh AIDS) and 100 HIV- 1 «- 
ronckalivc subjecLs were tested by ihc immune complex transfer enzyme 
immunoassays using rRT (A. circles). rpl7 (B, tnongles) and rp24 (C. 
squares) a.-vamigens and P-D-galaclos.duse from F,. coti as label. Bound ^o- 
Mlwno^itdasc activity was assayed al 30«C for 2.5 hi. Open and closed sym- 
bols indicaie scrum samples tested positive and Ty^gativc. respectively, by 
>WHrtcm blotting for the corresponding antigens. Tht broken Imes mdicaie 
the highcsl signals among the 100 seronegative subjccLs, wh.ch were taken 
astemulive cutoff values as described in Pig. 12. 



the seronegative subjects was lowered by reducing the vol- 
ume of serum samples used (18). Using 10 of serurn 
samples, the ratios with rpl7 as antigen for the asymptomatic 
carriers and the patients with ARC were 680 and 1,200» re- 
spectively, and the ratios with rp24 as antigen for the asymp- 
tomatic carriers and the patients with ARC were 22 and 89, 
respectively. In the patients with AIDS, however, one serum 
sample was negative with rp 17 as antigen, and two serum 
samples were negative with rp24 as antigen. 

Thus the sensitivity of the immune complex transfer en- 
zyme immunoassay using each of the three antigens was 100% 
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for the asymptomatic carriers (50/50) and the patients with 
ARC (9/9). For the patients with AIDS, the sensitivities were 
100% with rRT (20/20), 95% with rpl7 ( 19/20) and 90% with 
rp24 (18/20). By contrast, the sensitivities of Western blot- 
ting (Ortho Diagnostic Sysienns, Raritan, NJ) were lower (Fig, 
11). The sensitivities of Western blotting for p66 (one of RT 
connponents), p51 (iheothercomponentof RT),pJ7,andp24 
bands were 100% (50/50), 100% (50/50), 78% (39/50), and 
90% (45/50). respectively, in the asymptomatic carriers, 100% 
(9/9), iOO% (9/9). 89% (8/9), and 100% (9/9), respectively, 
in the patients with ARC and 95% ( 1 9/20), 75% ( 15/20). 60% 
(12/20), and 80% (16/20), respectively, in the patients with 
AIDS (Table 3). 

The sensitivities with 10 ^\ of serum samples of the im- 
mune complex transfer enzyme immunoassays using rRT. 
rpl7, and rp24 as antigens andP-o-galactosidase from£. coli 
as label were more directly compared with those of other 
methods by testing low levels of antibodies to HIV-1. Two 
serum samples from HIV-1 seropositive subjects were seri- 
ally diluted with serum from an HIV-1 seronegative subject 
and were tested by the immune complex transfer enzyme im* 
munoassays. Western blotting (Ortho kit), the conventional 
ELIS A using five recombinant proteins of HI V- i as antigens 
(Abbott HTLV-ni EIA kit), and the gelatin particle aggluti- 
nation test using a lysate of HIV- 1 as antigen (Serodia-HIV 
kit, Fujirebio, Tokyo, Japan) (Fig. 12) (19), The maximal di- 
lutions of the serum samples to show thepositivity were com- 
pared. Tentative cutoff values in the immune complex transfer 
enzyme immunoassays and the conventional ELISA were the 
highest signals among 100 HIV-1 seronegative subjects and 
75 HIV-1 seronegative subjects, respectively. The immune 
complex transfer enzyme immunoassays using rRT, rp 17, and 
rp24 were 300-1 .000-foid, UOOO-3, 000-fold, and 30-100- 
foid, respectively, more sensitive than Western blotting for 
the corresponding antigens (p66 as one component of RT, 
pl7, and p24) and J0-3(X}-fold more sensitive than the con- 
ventional ELISA and the gelatin particle agglutination test, 
as far as the serum samples tested were concerned. Western 



blotting for the odier component of RT. p5 I , was less sensi- 
tive than that for p66. Similar results were obtained with Sanofi 
kit 

Specificity of Immune Complex Transfer Enzyme 
Immunoassay Compared With That of 
Western Blotting 

The specificity of the immune complex transfer enzyme 
immunoassay using each of the three antigens (rRT, rpl7, 
and rp24) was 100% (lOO/lOO) as shown in Figure 11, but 
was further tested as follows. 

Fifty serum samples were collected from healthy subjects 
with low risk for HIV infection and tested by the conven- 
tional ELISA, the gelatin panicle agglutination test, and West- 
era blotting using two commercial kits (Ortho Diagnostic 
Systems and Sanofi Diagnostics Pasteur, Marnes- La-Co- 
quette, France) (Table 4) (19). All the serum samples were 
negative by both the conventional ELISA and the gelatin par- 
ticle agglutination test. Fourteen serum samples (Serum Nos. 
1-14) out of the 50 showed one or two positive bands with 
only one of the two kits for Western blotting, but not with 
both kits. Namely, no positive bands for these 14 serum 
samples with one kit were confirmed with the other. There- 
fore, posidve bands by Western blotting for these 14 serum 
samples appeared to be false. By the immune complex trans- 
fer enzyme immunoassay using each of rRT, rp 1 7, and rp24, 
all these 50 sera were negative. Thus the specificities of the 
immune complex transfer enzyme immunoassays and West- 
em blotting were 1 00% (50/50) and 76% (38/50)— 96% (48/ 
50), respectively. 

Eighty-five hundreds serum samples from nonhemo- 
philiacs, who visited an institute for HIV test, were also used 
for the specificity test (Table 4) ( 1 9). Fifty -five serum samples 
out of the 8,500 were positive by conventional ELfSA. Thirty 
serum samples out of the 55 were positive with two or more 
positive bands for gp 1 20/ 1 60, gp4 1 , and p24 by Western blot- 
ting (Ortho Diagnostic Systems), and J 9 serum samples out 



^' Sensitivity of Immune Complex Transfer Enzyme Immunoassay and Western Blotting for Serum Samples From 
riiv-l Seropositive Subjects 



Method 



Immune complex transfer 
enzyme immunoassay 



Antigen 



rRT 
rpl7 
rp24 



too 

100 

too 



Sensitivity for senjm samples from patiente 

AC n=50 



ARC n=9 



% 

too 

ICQ 
100 



AIDS n=2Q 

% 

100 
95 
90 



Western blotting 



p66 
P5[ 
pI7 
p24 



100 
100 
78 
90 



100 
lOO 
89 
100 



Bound 3-D-galacto«idase acUvity in the immune compJex transfer enayxne immuooassays were assayed at aO^C for 2.5 hr. 



95 
75 
60 
80 



BNSDOCID: <XP 21 17623A_I_> 



Diagnosis of HIV-1 Infection 



277 




oo 10^ 10* 10^ 



Diutlon of S«njm Samptas irofn Seroposittvos 
with Seium from a S«roneoativ« (-foht) 



DNA (10 samples), and acetylcholine receptor (3 samples) 
ftxim HlV-1 seronegative subjects were tested by the im- 
mune complex transfer enzyme immunoassay using each 
of the three antigens (19). The concentration of IgG in 
these serum samples was 21 ±9.2 (SD) mg/ml (range, 
7.5-59 mg/ml), and levels of autoantibodies to ihyroglo- 
bulin in three serum samples out of the 32 and to DNA in 
one serum sample were too high to be quantified without 
dilution. All the serum samples showed lower signals than 
the highest signals for the 100 HIV- 1 seronegative sub- 
jects shown in Figures II and 12, In addition, there was 
only very weak correlation between the signal and the 
concentration of IgG in serum (r=:0,37 with rRX r = 0.64 
with rp24. and r = 0.30 with rpl7), and little correlation 
was observed between signals with two antigens out of 
the three (r = 0.02 between signals with rRT and rpl7, 
0.08 between signals with rRT and rp24 and 0.24 between 
signals with rpl7 and rp24). These results indicated that 
the concentration of immunoglobulins in serum samples 
was not a major cause for higher signals among .seronega- 
tive samples, but that a cause(s) for higher signals among 
seronegative samples was different among the three anti- 
gens. 



Fig. 12. Dilution curves of rwo scrum samples from HTV-l seropositive 
subjects by ihc immune complex transfer enzyme immunoassays, compared 
with results by other methods. TWo serum samples from HIV- 1 seropositive 
subjects were serially diluted with .scrvm from an HIV- 1 seronegative sub- 
ject and were tested by the immune complex transfer enzyme immunoas- 
says using rRT (A. circles). rpP (B, triangles), and rp24 (C. sqtiares) of 
HIV- 1 as antigens, p-o-galacto&idase from £. coii as label, the conventional 
EL[SA (Abbott 2nd generation kit) (D. ellipses), the gclalin panicle aggluti- 
nation test (Fujirebio kit) (D, rhombuses) and Western blotting (Ortho kit). 
Bound |5-o-galaciosidase activity was assayed at 30**C for 2.5 hr Open and 
closed symbols indicate the two difTerenl serum samples. The posiliviiy and 
negativity by Western blotting for the corresponding antigens (p66 as one 
component of RT. p 1 7 and p24) were expressed as (+) and (-). respectively. 
The broken lines indicate icniative cutoff vaJuci. which arc the highest sig- 
nals among 100 HIV- 1 seronegative subjects by the immune complex trans- 
fer cniyme immunoassays (4.4 with rRT. 1 .9 with rpI7. and 4.3 with rp24> 
and among 75 HIV- 1 seronegative subjecus by the conventional ELISA (0. 1 5). 



of the 55 showed no positive bands with any of two commer- 
cial kits (Ortho Diagnostic Systems and Sanofi Diagnostics 
Pasteur) for Western blotting. The rest (6 serum samples out 
of the 55) showed one or two positive bands with only one of 
the two kits, but not with both kits. Therefore, these positive 
bands for the six serum samples appeared to be false. By 
the immune complex transfer enzynne immunoassay us- 
ing each of the three antigens, all the 25 (1 9 plus 6) serum 
samples were negative. Thus the specificities of the im- 
mune complex uansfer enzyme immunoassays and West- 
ern blotting were 100% (25/25) and 80% (20/25)— 96% 
(24/25), respectively. 

Thirty-cwo serum samples containing rheumatoid factor (1 3 
samples) and autoantibodies to thyroglobulin (6 samples). 



Detection of Seroconversion 

Eleven HIV-1 seroconversion serum panels (SV-Olll, 
SV-Os immunoassay using recombinant gp4l and p24 as 
antigens (Abbott Laboratories, North Chicago, IL) and the 
gelatin particle agglutination test using a lysatc of HIV-1 
as antigen (Fujirebio) (Table 5) (20). In nine sero- 
conversion serum panels (Panels 1 -9) out of the IK anti- 
body IgGs to pi 7, p24. and RT were detected by the 
immune complex transfer enzyme immunoassays as early 
as or even earlier (Panel 3) than antibodies to HIV-1 by 
the other methods. In one of the 1 1 (Panel 10), antibody 
IgG to pi 7 was detected by the immune complex transfer 
enzyme immunoassay as early as antibodies to HIV- 1 by 
the other methods, but antibody IgGs to p24 and RT were 
detected later. In another panel (Panel 1 1), the detection 
of antibody IgG to pi 7 by the immune complex transfer 
enzyme immunoassay was as early as the detection of 
antibodies to HIV-1 by the gelatin particle agglutination 
test, but was later than the detection of antibodies to HIV- 
J by the third generation enzyme immunoassay and the 
detection of antibody IgGs to p24 and RT by the immune 
complex transfer enzyme immunoassay was later 

In previous reports, the earliest positive band by West- 
em blotting after HIV-1 infection has been reported to be 
for p24 In some cases (46-^8), but for ^rnv proteins in other 
cases (49-51). Therefore, the immune complex transfer 
enzyme immunoassay for antibody IgG to env proteins 
may be useful for detecting seroconversion very early af- 
ter the infection. 
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TABLE 4. Specificity of Various Methods 



Test results (positive number/tested number) 



Serum 

group* EL^SA GPA'* 



Sample 

no. of 
scnim 



Western blotting*^ 



gP £P 
160 120 



P 

51 



gP 
41 



P 

31 



P P 
24 17 



Immune complex 
transfer enzyme 
immunoassay 



rRT 



rpl7 



0/50 



0/50 



25/25 



2/25 
(scrum 
nos. 53 
and 56) 



1 

2 

3-50 

1-2 

3 

4 

5 

6 

7 

8 

9 
10 
tl 
12 
13 
14 
15-50 

51 
52-75 



51 
52 
53 
54 
55 
56 
57-73 



With Ortho kis 



With SanoH kit 



With Ortho kit 
+ 



Wtdi Sanofi kit 



0/50 



0/50 



0/50 



0/25 



0/25 



"Group I was from healthy subjects with low risk for HIV infection: group II comprised 25 sera, which were positive by the convcrtional ELISA but 
negative or slrowcd one or two positive bands by Western blotting. 
''Gelatin particle uggluiination test. 

*^For Western blotting, only positive bunds nrc shown, arvd negative resuits for p66 and p55 bands are not shown. 



DETECTION OF p24 ANTIGEN IN SERUM 

Immune Complex Transfer Enzyme 
Immunoassay for p24 Antigen 

An ultrasensitive immunoassay (two-site immune com- 
plex transfer enzyme immunoassay) for p24 antigen of 
HIV-1 has been developed by applying the same priaciple 
as used for the detection of antibodies as shown in Figure 
1 3 (22). The antigen was reacted simultaneously with 2,4- 
dinitrophenyl-biotinyl-bovine serum albumin-anti-rp24 
Fab' conjugate and anti-rp24 Fab '-p-D-galactosidase con- 
jugate. The complex formed, comprising the three com- 
ponents, was trapped onto polystyrene beads coated with 
affinity-purified (anti-2,4-dinitrophenyl group) IgG. The 
polystyrene beads were washed to eliminate excess of and- 
rp24 Fab -p-D-galactosidase conjugate. The complex was 



cluted from the polystyrene bead.s with excess of eA/-2,4- 
dinitrophenyl-L-lysine and was transferred onto polysty- 
rene beads coated with streptavidin to eliminate 
nonspecifically bound anti-rp24 Fab'-p-D-galactosidase 
conjugate more completely. P-D-Galactosidase activity 
bound to the last beads was assayed by fluorometry. 

Detection Limit and Assay Range of p24 Antigen 

The detection limit of rp24 per assay is 0. 1 amol (2,4 fg) 
and 30-fold smaller than that by the conventional two- site 
enzyme immunoassay using polystyrene beads coated with 
anti-rp24 IgG and anti-rp24 Fab'-p-D-galactosidase conjugate. 
The assay range of p24 in serum is 0.24-720 pg/ml, since the 
signal increased linearly with up to 7.2 pg/tube and 10 (xi of 
serum can be used without serum interference (22). 



BNSDOCID: <XP, 



> 21 1 7623A_I_> 



o - 



'5 ■- 2 

-= u r- S 

'fit.?" 

2 y c 3 

.1 2 



2 _ 

liiii 

*s — *> 

3 £ ^ 



I 



£ 



+ 1111111 I 

+ + + + I 

I 1 I + + + + + » 

t I 1 I ) I r t t 

1 I I + + + + + • 

+ I I + + + + I 



i I 1 + + i I *' t I t 

^. + + + + I I I I + -t- 

I I I + + I 1 .111 

11 till 



I I t 



I I I I 



1 ,+++( I t 1 + 1 I 



1 



I — <s 



f-~. r^j so 

O O d O O 



T*- QO CTi r* 

o c <^ ^ 



n 

o 



^ r** ^ 
8 o — 



— fvioioooorirvid'-tf^OOCJO 



n m r- ^ 



0\ rs vo c~- 

- s g - s 



CT^ 

— O 



? 5 5 



E .5 



(rt *r» 

odd 



in CN -ti- 
cs a\ — 

o 



•« .2 



Is 



_ . CM <-S 

d d d d 



O m r«i — 



d d oo o 00 v% 
^ ^ oo — fs r- 



Irt t*. ^ *A 

o c$ ei 



^ 

ci <^ c> d 



— CM vn ^ 



M %o 
c» d o 



w^ <>. -rr 

2 S3 5; S - - ^ S 5 



O <Jv o 



t/-» vn 

o o d vg 



— r-i ri 

odd 



d o oc o o 



5 



^ . — ^^^ o 
o <^ <^ 

X ^ CM rs m 



o <=> o 
d o o 



odv^oodooooN» 



r- ^ ^ 

C> CS <D G 



o so d d 



^ r» oo m 

o oo 2; !C* 

OO Vi OO V ^ 

fs r*~. ^ »ft r* 



c3 d e5 



<N g ^ — ' 

« ^ '^s 5 

m <o >tf 



o d o rvj o ^ oc 



— — w-> 

d d <d 



<^ — O <N 



a. 



3 

J 



3 



so 



BNSDOCID: <XP 21 1 7623A_r_> 




BNSDOCID: <XP 2117623A_I_> 



i 

> 



m 



Anti-DNP- DNP. ^ Ab-Eru 

solid phase BiotinAb 




du C3 ONP-fysine 




Fig. 13. Immune complex transfer enzyme imiTiunoassay few" antigen. DNP: 
2,4-dinitrophcnyl group. Ab: antibody, Ag: antigen. Ent: cntymc. 



Detection of p24 Antigen In Serum Samples from 
HfV-1 Seropositive Subjects 

Serum samples werecollecred from 79 HIV- 1 seropositive 
subjects aged J 0-6 1 yr — 50 asymptomatic carriers, 9 patients 
with AIDS-related complex (ARC), and 20 patients with 
AIDS — and 1 17 HIV- 1 seronegative subjects aged 24-68 yr. 

Without acid treatment of serum samples, p24 antigen was 
detected in 24 serum samples (48%) out of 50 from the as- 
ymptomatic carriers, 7 seruin samples (78%) out of 9 from 
the patients with ARC, 18 servim samples (90%) out of 20 
from the patients with AIDS, and 6 serum samples (5%) out 
of 1 17 from the seronegative subjects. 

When serum samples were treated at low pH to inactivate 
antibodies to HIV- 1 p24 antigen with less impairment of p24 
immunoreactivity (1 7,52,53), serum p24 levels were enhanced 
1 .4- 1 7.4- fold in 1 9 serum samples ( 1 .4-2 .0-fold in 5 and >2.0- 
fold in 14) out of 50 semm samples from the asymptomatic 
carriers, 1 .3-24-fold in 6 serum samples ( 1 .3-fold in one and 
>2.0-fold in 5) out of 9 serum samples from the patients with 
ARC and 1 .4^30.7-fold in U serum samples ( 1 .4-2.0-fold in 
3 and >2.0-fold in 8) out of 20 serum samples from the pa- 
tients with AIDS. As a result. p24 antigen was delected in 34 
serum samples (68%) out of 50 from the asymptomatic carri- 
ers, in 7 senim samples (78%) out of 9 from the patients with 
ARC, in 18 serum samples (90%) out of 20 from the patients 
with AIDS, and in none of 1 17 serum samples from the se- 
ronegative subjects. 
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Thus the specificity of the immune complex transfer en- 
zyme immunoassay for p24 antigen in serum samples was 
95% without acid treatment of serum, but was improved to 
100% by acid treatment. Recently, the specificity even with- 
out acid treatment of serum has been improved to 100% by 
substituting monoclonal mouse anti-p24 Fab'-(i-D-gaIactosi- 
dase conjugate for rabbit anti-p24 Fab'-P-D-galactosidase con- 
jugate (54). The sensitivity for the asymptomatic carriers was 
48% without acid treatment and was improved to 68% by 
acid treatment. The sensitivities for the patients with ARC 
and AIDS were 78% and 90%. respectively, regardless of acid 
treatment, although serum p24 levels in 55-67% of the 
samples were significantly enhanced by acid treatment as 
described above. 

Detection of p24 Antigen in Seroconversion 
Serunn Panels 

Serum samples of 1 1 HIV- 1 seroconversion serum panels 
(Panels I-ll). tested by the immune complex transfer en- 
zyme immunoassays for antibody IgGs to pl7, p24, and RT 
of HIV- 1 and other methods, were subjected to the immune 
complex transfer enzyme immunoassay for p24 antigen us- 
ing iiKHioclona] mouse anti-p24 Fab'-P-D-galactosidase con- 
jugate (Table 5) (20). In 10 panels out of the 11, signals for 
p24 antigen became positive 6-42 days earlier than those by 
the conventional ELISA. the gelatin particle agglutination test 
and Western blotting for antibodies to HTV-l, but declined as 
levels of antibody IgG or antibodies to HIV-1 rose. In one 
panel (Panel 3). p24 antigen was not detected. 

SHORTENING OF THE WINDOW PERIOD 

Choice of Antigens for Detection of Antibody 
IgQ to HIV-1 

The results described above for urine, whole saliva, and 
serum samples have indicated advantages of using rRT or 
rp66 of HIV-1 as antigen over other antigens for detection of 
antibodies to HIV-1 in HIV-1 seropositive subjects. By both 
the conventional ELISA (55) and Western blotting (56). the 
positive rates for antibodies to HIV-1 with rRT as antigen 
(100% in asymptomatic carriers, 86-95% in patients with 
ARC and 77-1 ()0% in patients with AIDS), were as high as 
Chose with enu proteins as antigens (100% in asymptomatic 
earners, 99-I(X)% in patients with ARC, and 81-100% in 
patients with AIDS) and were higher thaji those with pi 7 as 
antjgea(4l% in asymptomatic carriers, 30% in patients with 
ARC. and 14% in patients with AIDS) and p24 as antigen 
(63% In asymptomatic carriers, 50-97% in patients with ARC, 
and 49-77% in patients with AIDS). By a sandwich enzyme 
immunoassay using rRT-coated microplates and rRT-aJkaline 
I^sphatase conjugate, seroconversion was detected as early 
as by the conventional ELISA using five recombinant pro- 
teins (gpl20. gp4l, p24, pl7. and pl5) as antigens and the 
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gelatin particle agglutinatioa test using a lysate of HlV-i as 
antigen (7). By the immune complex transfer enzyme im- 
munoassay, the ratios of the lowest signals for HIV-1 sero- 
positive subjects to the highest signal for HlV-l senonegauve 
subjects were higher with rRT as antigen than those with rpl7 
and rp24 as antigens, whether urine, whole saliva, or serum 
samples were tested (Figs. 6, 9, and 11) (12.18.19). In addi- 
tion levels of antibody IgG to RT decreased to less extents m 
patients with AIDS than those to p 1 7 and p24 (Figs. 6. 9, and 
1 1 )( 1 2, 1 8, 1 9). This is also consistent with a previous report 
that the positive rates remained high for antibody IgGs to 
p66 (RT). p3 1 and gp41 even at later stages of the infection, 
but decreased significantly for antibody IgGs to pl7, p24 and 
gpl20 (56). Moreover, the reaction of rRT with serum samples 
from HlV-l seropositive subjects appears to be fairly spe- 
cific (7,12,41 ,57). By a sandwich enzyme immunoassay us- 
ing rRT-coated microplates and rRT-alkaline phosphatase for 
anti-HIV-1 antibodies, no reaction was observed with scrum 
samples from subjects infected with either HI V-2 or hepatitis 
B virus (7). By the immune complex transfer enzyme immu- 
noassays using rRT rpl7. and rp24 as antigens, no signifi- 
cant reaction was observed with serum samples from 
HTLV-I-infected subjects ( 12). RT of HIV has been described 
to be antigenically distinct from those of HTLV-I and 11 (57). 
However, it should be noted that signals by the immune com- 
plex u-ansfer enzyme immunoassay with rRT as antigen were 
lower than those with pl7 as antigen in most of HIV- 1 
seroconversion serum panels tested (Table 5) (20). 

The disadvantage of using rRT as antigen described above 
can be overcome by using rpl7 as antigen. In most of HTV-I 
seroconversion serum panels tested, signals by the immune 
complex transfer enzyme immunoassay using rpl7 as anti- 
gen were higher than those using rRT and rp24 as antigens, 
and antibody IgG to pl7 was detected as early as or even 
earlier than not only antibody IgGs to RT and p24 by the 
immune complex transfer enzyme immunoassay, but also 
antibody IgG or antibodies to HIV- 1 by the conventional EUSA 
and the gelatin particle agglutination test (Table 5) (20). How- 
ever, the ratios of the lowest signals for HIV- 1 seropositive sub- 
jects to the highest signal for HIV- 1 seronegative subjects by 
the immune complex transfer enzyme immunoassay wiHirpH 
as antigen were lower than those with rRT as anUgcn in samples 
collected probably sufficiently long after HIV-1 infection (FigS. 
6.9,and 11) (12,18,19). 

Thus the seropositivity of HIV- 1 infected subjects can be 
detected from early stages through late stagesof the infection 
by the immune complex transfer enzyme immunoassay us- 
ing both rRT and rpl7 as antigens. 

Simultaneous Detection of Both p24 Antigen and 
Antibody IgGs to pi 7 and RT 

On the basis of the above results, reports, and conakler- 
ations, the immune complex transfer enzyme immuiKMSsay 



for simultaneous detection of both p24 antigen and antibody 
rOsTo pl7 and RT in a single assay tube has been developed 
fFi£ 14) and 11 HIV-1 seroconversion serum panels were 
ested (ible 5 and Fig. 15) (20,21). For detection of p24 
antigen, monoclonal mouse anti-p24 Fab'-P-o-galactos.dase 
conjugate was used. Signals by the simultaneous assay be- 
came positive 6-42 days earlier than those by conventional 
method^ for antibodies to HIV- 1 and remained strongly 
positive even after signals for p24 antigen alone declined, 
although the cutoff indices by the simultaneous assay were 
lower Chan those for p24 antigen alone or for antibody 
IrG to p 1 7 alone. In addition. 79 serum samples randomly 
collected from HIV- 1 seropositive subjects (50 asymptom- 
atic carriers. 9 patients with ARC. and 20 patients with 
AIDS) were subjected to the simultaneous detection. The 
ratios of the lowest signals for the asymptomatic carriers 
and the patients with ARC and AIDS to the highest signal 
for 100 HlV-l seronegative subjects were 69,000. 199.000. 
and 3.330. respectively. 

Thus by the simultaneous detection of p24 antigen and 
antibody IgGs to pi 7 and RT with the immune complex trans- 
fer enzyme immunoassay, both as early a diagnosis of HIV-1 
infection as the appearance of p24 antigen in the circulation 
to shorten *Hhe window period'* and as reliable a diagnosis of 
the infection as that by the detection of antibodies to HlV-1 
from the time of seroconversion until late stages of the infec- 
tion became possible. 



IMPROVEMENT OF IMMUNE COMPLEX 
TRANSFER ENZYME IMMUNOASSAY 

In the immune complex transfer enzyme immunoassay 
described above, polystyrene beads were transferred from 
test tubes to test tubes with tweezers, and tips of the twee- 
zers had to be washed carefully after each transfer of poly- 
styrene beads to eliminate the false-positivity due to 
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Fig. 14. Immune complect n-ansfcf enzyme immunoassay for simultaneous 
detection of both p24 antigen (left) and antitxxJy IgG (right). DNP: 2,4- 
dmiifophenyl group. Ag: aiMigen. Ab: antibody. Ga!: [i-D-galactosidase. 
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FIfl. 1 5. Typical test rcsufls of seroconversion scrum puncis by the simul- 
laneous dcicction shown in Fi^iure 14. Scmiii samples (10 JJl) of 
scroconvcniion serxim panels were tested by the immune complex transfer 
enzyme immunoassay for simultaneous detection of both p24 antigen and 
antibody tgGs to RT and pf7 using (i-D-galactosidasc from £ coii as label. 
Bound p-o-galaciosidase activity was assayed al 30°C for 2.5 hr. A. Abbott 
3rd generation ELIS A. B. Immune complex transfer enzyme immunoassay 
for p24 antigen. C. Simultaneous detection. CuiofT indices were calculated 
as shown in Table 5 . 



carryover (58). In addition, fluorescence intensities for 
bound enzyme activities of many samples were measured 
one by one with a spectrofluorophotometer. This was te- 
dious and time-consuming» making the assay of many 
samples difficult. 

The.«;e drawbacks have been recently minimized by sub- 
stituting microplates, a fiuororeader, and polystyrene 
sticks (Fig. 16) for lest lubes, a spectrofluorophotometer, 
and polystyrene beads, respectively (Fig. 17) (59-6!). 
Polystyrene sticks (Fig. 16) were transferred easily and 
quickly from wells to wells without using tweezers, elimi- 
nating false-positivity due to carryover. Fluorescence in- 
tensities of bound p-D-galactosidasc activities for 96 
samples could be measured within 1 min and 40 sec with 
a fiuororeader. In addition, the sensitivity was also im- 
proved. Thus many samples could be tested using poly- 
styrene sticks, microplates, and fiuororeader much more 
easily with higher sensitivity and higher reliability. 

Another drawback of the immune complex transfer en- 
zyme immunoassay for antibody IgG to HIV-l described 
above is requiring a long time for its performance. This 
has been also recently overcome (62). The immune com- 
plex comprising 2,4-dinitrophenyl-bovine serum albumin- 
HIV-1 antigen conjugate, anti-HIV-1 IgG. and HIV-1 
antigen-p-D-galactosidase conjugate was trapped onto 
polystyrene beads coated with (anti-2,4-dinitrophenyl 
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FIfl. 16. Polystyrene slick for easy handling. Values indicate Iengih.<; in 
mm of various parts of polystyrene stick. 



group) IgG by overnight incubation and was transferred 
to polystyrene beads coaled with (aniihumun IgGy-chain) 
IgG by 3 hr incubation in the presence of excess of eN- 
2,4-dinitrophenyl-L- lysine. These processes were made ef- 
ficient by incubation with shaking and by using solid 
phase.s with larger surface areas. In addition, the volume 
of serum samples used was increased from 10 p.1 to 100 
jjj. As a result, the sensitivity was improved 20-30-fold, 
even when both trapping and transferring of the immune 
complex were performed for only 30 min. Furthermore, 
testing many samples became easily possible with higher 
sensitivity using microplates and a fiuororeader. 

With this improved immune complex transfer enzyme 
immunoassay for antibody IgG to pl7 of HIV-1, 12 sero- 
conversion panels were tested and antibody IgG to pl7 
was detected earlier than p24 antigen in four sero- 
conversion serum panels of the 12 (to be published in de- 
tail elsewhere). 
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Fig. 17. Immune complex iransfer cn/ymc immunoassays for antibody 
IgG using polystyrene bends in combination with test lubes aod 
spccironuorophotomcier (left) and pulyMyrcnc sticks in combination with 
inicroplaie wells tind tluororeader (right). DNP: 2.4-dinilrophcnyl group. 
Ag: antigen. Enz; eny.yme. 4MUG;4-n>ethy]umbeHifefyl-P-D-galaciOlidc, 

REFERENCES 

1 . Constantine NT: Serologic tests for the retroviruses: Approachiflg ft de- 
ctvde of evolution . AIDS 7: 1-13, 1993. 

2. BarW H, Klein M, Badonnel Y; Early detection of antibodies lo humftA 
immunodeficiency vims 1 by a third-generation enzyme immunoowiay, 
Ann Biol Ctin 52:341-345. 1994. 

3. de Suassurc P, Ycrly S. TalJea E. Perrin LH: Human immunodeficiency 
virus type I nucleic acid* delected before p24 uniigenemia in a blood 
donor. Transfusion 33:164-167. 1993. 

4. Allain JP, Laurion Y. Paul DA. Senn D: Serological markers in early 
stages of human immunodencicncy viru.<i Infecuon in haemophiliacs. 
£^nc<rni:l233-1236. 1986. 

5. GoudsmitJ. de Wolf F. Paul DA, Epstein LG, LangeJMA, KrooeWJA, 
Speelman H. Wolters EC» van der Noordaa J. Oleske JM, van der Hehn 
HJ. Coutinho RA: Expression of human immunodeficieiKy virus anti- 
gen (HTV-Ag) in serum and cerebrospinal fluid during acute and chfOOic 
infection. Lancet ii:I77-l80. 1986. 

6. Von Sydow M. Gaines H. Sttnnerborg A. Forsgrcn Pehrton PO, 



Strannegard 0: Antigen detection in primary HIV infection. Br Med J 
296:238-240. 1988. 

7. Loveday C, Tedder RS: Enzyme-linked immunosorbent assays for the 
measurement of human immunodeficiency vims, type 1 reverse tran- 
scriptase antigen and antibodies. J Vimi Methods 41: 181-192. i993. 

8. DownicJC Howard R. Bowcock B, Cunningham AL; HIV-1 antibody 
. testing strategy: evaluation of ELISA screening and Wcsicm blot pro- 
files in a mixed low risk/high risk patient population. ; Virol Method 
26.291-304. 1989. 

9. Gencsca J, Wai-Kuo Shih J, Jctt BW. Hewten IK, Epstein JS, AUer HJ: 
VS^hat do Western blot indeterminate patterns for human immunodefi- 
ciency virus mean in EIA-negative blood donors? Lancet ii: 1023-1 025, 
1989. 

10. Ng VL. Chiang CS. Dcbouck C, McGrath MS. Grove TH. Mills J: Re- 
liable confirmation of antibodies to human immunodeficiency vims type 
I (HlV-i) with an enzyme-linked immunoassay using recombinant an- 
ugcns derived from the HIV- 1 gag, poi and tnv genes. J Clin Micmbiol 
27:977-982, 1989. 

1 1 . FriedlandGH. Klein RS: Transmission of the human immunodeficiency 
virus. N Engt J Med 3 1 7; 1 1 25- 11 35. 1987. 

Hashida S. Ha.<ihinaka K, Saitoh A. Takamizawa A. Shinagawa H. Oka 
S. Shimada K. Hiroia K. Kohno T. Ishikawa S, Ishikawa E: Diagnosis 
of HIV- 1 infection by detection of antibody IgG to HIV- 1 in urine with 
ultm-scnsilive enzyme immunoassay (immune complex transfer enzyme 
immunoassay) using recombinant proteins as antigens. J Clin UtbAnal 
8:237-246. 1994. 

Mortimer PP, Parry JV; Detection of antibody to HIV in saliva: a brief 
review. Clin Diagnostic Virvi 2:231-243, 1994. 

14. Tamashiro H, Constantine NT: Serological diagnosis of HIV infection 
using oral fluid samples. Bail WWO 72:135-143. 1994. 

15. Hashida S, Hirota K. Hashinaka K. Saitoh A, Nakata A. Shinagawa H. 
Oka S, Shimada K. Mimaya J. Matsushita S, Ishikawa E: Detection of 
antibody IgG to HIV-1 in urine by sensitive enzyme immunoassay (im- 
mune complex transfer enzyme immunoassay) using recombinant pro- 
teins as antigens for diagnosis of HlV-1 infection. J Clin Lab Anal 
7:353-364. 1993. 

16. Ha.shinaka K, Hashida S, Hirota K, Saitoh A, Nakata A. Shinagawa H, 
Oka S. Shimada K. Ishikawa E: Detection of anti-human immunodefi- 
ciency virus ;ypc t (HIV-1) immunoglobulin 0 in urine by an 
ultrasensitive enzyme immunoassay (immune complex transfer enzyme 
immunoassay) with recombinant reverse transcriptase as an antigen. J 
Clin M/cft>/>rV>/ 32:8 19-822, 1994. 

17. Hashida S, Hashinaka K, Hirota K. Saitoh A. Nakata A. Shinagawa H, 
Oka S. Shimada K. Mimaya J, Matsushita S. Ishikawa E; Dctcclion of 
antibody IgG lo HIV-t in urine by ultrasensitive enzyme immu- 
noassay (immune complex transfer enzyme immunoassay) using 
recombinant p24 as antigen for diagnosis of HIV- 1 infection. J Clin 
IdfrA/ifl/ 8:86-95. 1994. 

18- Ishikawa S. Hashida S. Hashinaka K. Hirota K. Saitoh A. Takamiziawa 
A, Shinagawa H, Oka S, Shimada K. Ishikawa E: Diagnosis of HIV-1 
infection with whole saliva by detection of antibody IgG lo HIV-1 with 
ultrasensitive enzyme immunoas,say using recombinant reverse tran- 
scriptase as antigen. J Acquir httmtine Deftc Syndr Human Retroviral 
10:41-47, 1995. 

19. Hashida S, Hashinaka K. Nishikata I, Oka S, Shimada K, Saitoh A, 
Takamizawa A. Shinagawa H. YanoS, Kojima H. IzumiT. Ishikawa E: 
Immune complex u^nsfcr enzyme immunoassay that is more sensitive 
and specific than Western blouing for detection of antibody immuno- 
globulin G to human immunodeficiency virus type I in serum with re- 
combinant pol and gag proteins as antigens. Clin Diag Lab Immunol 
2:535-541. 1995. 

20. Hashida S. Hashinaka K. Nishikata I, Oka S, Shimada K, Saitoh A, 
Taksmizawa A, Shinagawa H, Ishikawa E: Shonening of the win- 
dow period in diagnosis of HI V- 1 infection by simultaneous detec- 
tion of p24 antigen and antibody IgG to pi 7 and reverse 



BNSDOCID: <XP 2117623A_L> 



transcriptase in serum with ultrasensitive enzyme immunoassay. J 
Virol Me f hods 62:4^-5:^. 1996. 

21. Hashida S, Hashinaka K. Nixhikata I, Saitoh A, Takamiiawa A, 
Shinagawa H, Ishikawa E: Earlier diagnosis of HIV- 1 infection by si- 
multaneous detection of p24 antigen and antibody IgGs to pl7 and re- 
verse transcriptase in scrum with enzyme immunoassay. 7 C/i/i LnbAnai 
10:213-219. 1996. 

22. Hashida S, Hashinaka K. Nishikata I. Oka S, Shimada K. Saitoh A» 
Takamizawa A, Shinagawa H. Ishikawa E: Measurement of human im- 
munodeficiency virus type I p24 in serum by an ultrasensitive enzyme 
immunoa.ssay. the two-site immune complex transfer enzyme immu- 
noassay. J din Microbiol 33:298-303. 1995. 

23. Ishikawa E. Hashida S, Kohno T. Hirota K. Hashinaka K, Ishikawa S: 
Principle and applications of ultrasensitive enzyme immunoassay (im- 
mune complex transfer enzyme immunoassay) for antibodies in body 
nuids. J din Lab Anoi 7:376-393. 1993. 

24. Hashinaka K. Hashida S. Saitoh A. Nakaia A, Shinagawa H, Oka S» 
Shimada K, Ishikawa E: Conjugation of recombinam reverse iran- 
.scriptase of HIV- 1 to p-D-galactosidasc from Exchericbia cot i for 
ulirascnsitivc enzyme immunoassay (immune complex transfer enzyme 
immunoas^y) of anti-HIV-l IgG. J Immwtol Methods 172:179-187, 
1994. 

25. Saitoh A, Iwasaki H. Nakaia A. Adachi A, Shinagawa H: Overproduc- 
tion of human immunodericiency virus type 1 reverse tran.'icriptase in 
Escherichia coti and purification of the enzyme. Micrvhiol Immunol 
34:509-521, 1990. 

26. Saitoh A, Tanaka N, Nakaia A, Ikuia K, Shinagawa H: A unique mono- 
clonal antibody thai recognizes mature p 1 7 of HIV- 1 but not its precur- 
sor. Microbioi /mmunof 36: 105-1 ! 1 , 1992. 

27. Tanaka N. Saitoh A, NakataA. Shinagawa H: A simple method for over- 
production and purification of p24 gag protein of hunr^an immunodefi- 
ciency virus type I. Microbiol Immunol 36:823-831, 1992. 

28. Adachi A, Gcndelman HE, Kocnig S, Folks T. Willcy R, Rabson A. 
Martin MA: Production of acquired immunodeficiency syndrome-as- 
sociated retrovirus in human and nonhuman cells transfected with an 
infectious molecular clone. J Virol 59:284-291. 1986. 

29. Wain-Hobson S. Sonigo R Danos O, Cole S. Alizon M: Nucleotide se- 
quence of the AIDS virus, LAV. Ceil 40:9-17. 1985. 

30. CaoY. Hoscin B. Borkowsky W, Mirabile M, Baker L, Baldwin D, Poiesz 
BJ, Friedman -Kien AE: Antibodies to human immunodeficiency vims 
type I in the urine specimens of HIV- 1 — Seropositive individualsM/D5 
Res Hum Retroviruses 5:31 1-319, 1989. 

31. Dcsai S, Bates H. Michalski FJ: Detection of antibody to HI V- 1 in urine. 
fjincet 337:183-184. 1991. 

32. Reagan KJ. Lilc CC. Book GW. Devash Y. Winslow DL. Bincsik A: 
Use of urine for Hi V-l antibody screening. Lancet 335:358-359, 1990, 

33. Connell )A, Parry JV. Mortimer PP. Duncan RJS. McLean KA, 
Johnson AM. Hambling MH. Barbara J, Farn'ngton CP: Prelimi- 
nary report: Accurate assays for anti-HIV in urine. Lancet 
335:1366-1369, 1990. 

34. Klokke AH. Ocheng D. Kalluvya SE, Nicoll AG, Laukamm-Jostcn U, 
Parry J V. Mortimer PP. Connell J A: Field evaluation of immunoglobu- 
lin G antibody capture tests for HIV- 1 and HlV-2 antibodies in African 
scrym, saliva and urine, AIDS 5:1391-1392. 1991. 

35. TTiongcharoen P, Wasi C, Louisirirolchanakut S, Parry J. Coonell J, 
Mortimer P: Immunoglobulin G antibody capture enzyme-linked 
immuno.sorbent assay: a versatile assay for detection of anti-human 
immunodeficiency virus type 1 and 2 antibodies in body fluids. J Clin 
Microbiol 30:3288-3289. 1992. 

36. Bcheis FM, Edidi B. Quinn TC. Atikala L, Bishagara K. Nzila N, 
Laga M, Piot P, Ryder RW, Brown CC: Detection of salivary HIV- 
I -specific IgG antibodies in high-risk populations in Zaire. J >4/05 
4:183-187, 1991. 

37. Major CJ. Read SE, Coates R A. Francis A. MaLaughlin B J, Millson M, 
Shepherd F, Fanning M, Calzavara L. MacFadden D, Johnson JK, 



Diagnosis of HIV-1 Infection 285 

O'Shaughncssy M V: Comparison of saliva and blood for human immu- 
nodeficiency virus prevalence testing. J itifect Dis 163:699-702. 1 991. 

38. Soto-Ramirez LE, Hem^dcz-G6me7. U Sifuentes-Osornio J, Barriga- 
Angulo G. de Lima DO. L6pe£-Poriillo M, Ruiz-Palacios CM: Detec- 
tion of specific antibodies in gingival crevicular transudate by 
enryme-linked immunosorbent as.say for diagnosis of human immuno- 
deficiency virus type I infection.yC/f/iAfKVT>i?fV>/ 30:2780-2783, 1992. 

39. Ffwichs RR. Htoon MT, Eskcs N. Lwin S: Comparison of saliva and 
serum for HIV surveillance in developing countries. Lancet 340: 1496- 
1499. 1992. 

40. Johason AM, Parry JV, Best SJ, Smith AM, de Silvu M, Mortimer PP: 
HIV surveillance by testing saliva. AIDS 2:369-371. 1988. 

41. Crofb N. Nicholson S. Coghlan P, Gust ID: Testing of saliva for anti- 
bodicj to HIV-I./4/DJ 5:561-563, 1991. 

42. Roitt 1. LehncrT: Oral immunity. In Immunology of Oral Diseusi^s, 2nd 
ed. I Roi«, T Lehner. ed.s. Blackwell, Oxford. 1983, pp 279-304. 

43. Parry JV. Perry KR, Mortimer PP: Sensitive assays for viral antibodies 
in saliva: an alternative to test,s on scrum. Lancrt ii:72-75, 1987. 

44. Gershy-Dan^et CM. Koffi K, Abouya U Sasson-Morokro M. Brattegaard 
K, Parry JY De Cock KM. Mortimer PP: Salivaiy and urinary diagnosis 
of human immumxieficiency viruses 1 tind 2 infection In COle d'lvoire. 
using two assays. Trans R Sor Tro/) Mai Hyft 86:670-67 1 . 1992. 

45. Ishikawa S. Hashida S, Hashinaka K. Hin>t:i K. Kojiina M. Saiio A, 
Tbkaini/iiwa A. Shinagawa H. Oka S. Shimada K. Ishikawa E: Whole 
saliva dried on filter paper for diagnosis of HIV- 1 infection by detection 
of antibody IgG to HIV- 1 with ultrasensitive enz.yme immunous.say us- 
ing recombinant reverse uaascriptase as antigen. 7 Clin Lab Anal 1 0:35- 
41, 1996. 

46. Lange JMA, Coutinho RA, Krone WJ A. Verdonck LF. Danner SA. van 
der Noordaa J, Goudsmii J: Distinct IgG recognition patterns during 
pfOgfession of subclinical and clinical infection with lymphadenopathy 
isaociated virus/human T lymphotropic virus. Br Med J 292:228-230, 
19S6w 

47. Soriano V, Tor J, Ribera A, Muga R: Synthetic peptide immunoassay in 
diagnosis of primary HIV infection. Vox Sang 58:228-230, 1990. 

4S. Weber B. Hess G. Enzcnsbergcr R, Harms F. Evans CJ. Hamann A. 
Doerr HW: Multicentcr evaluation of the novel ABN Western blot 
(immunobloi) system in comparison with an enryme-linkcd immuno- 
Mfbent assay and a difrerem Western blot. J Clin Microbiol 30:691- 
697, 1992. 

49. StnmcrSL, Heilcr JS. Coomtw RW, Parry JV, Ho DD. Allain J-P: Mark- 
en of HIV infection prior to IgG antibody semposiUviiv. JAMA 262:64- 
69. 1989. 

50. WoliroUty SM. Rlnaldo CR. Kwok S. Sninsky JJ. Gupta P. Imagawa D. 
Farzadegan H. Jacobson LP, Grovii KS. Lee MH. Chmicl JS, Ginzburg 
H, Kailow RA, Phair JP: Humun immunodeficiency viru.s type ) (HIV- 
I) Infection a median of 18 months before a diagno.stic Western bloi. 
Ann f At Med 111:961-972. 1989. 

51. Ulstnip JC. Skaug K, Figcn.schau KJ. 0rstavik I. Bruun JN, Petersen G: 
Senailivity of Wc-stcrn blotting (compjred with ELISA and immuno- 
fluorescence) during seroconversion after HTLV-Ill infection. Lancer 
i:IISI-ll52, 1986. 

32. NIshailjaoP, Huskins KR.Siehn S, Dclcls R. Fahey/L: A simple method 
for improved assay demoasioitcs that HIV p24 antigen is present a.s 
inumme complexes in most sera from HIV-infected individuals. 7 /n/tfcf 
Dig 162:21-28. 1990. 

53. Vaaudevacfaari MB. Salzman NP, Well DR, Ma.st C. Uffelman KW, 
Tbedier C. Hoefhcinz D, Metcalf JA, Lane HC: Clinical utility of an 
enhanced human immunodeftciency viru.s type 1 p24 antigen capture 
aaaay. J Clin Immunol 13: 185-192. 1993. 

54. Hashida S, Hashinaka K, Nishikata 1. Saito A, Takami7.awa A, Shinagawa 
H, Ishikawa E: Ulu^sensitive and more specific enzyme immunoassay 
(inunune complex transfer enzyme immunoassay) for p24 antigen of 
HIV-t in serum using affinity -purified rabbii anii-p24 Fab* and mono- 
clonal mouse ami-p24 Fab'. J Clin Lab Anal 10:302-307, 1996. 



BNSDOCID: <XP 21 17623A_I_> 



286 



Hashida et al. 



« Chiang CS. Grove T. Cooper M. Cuan J. Kowaiski A, Parcells K 
TsrokawB M. Ro^nbcrg ATCuri B. Fra.klin S, Smith T. Dcbouck 
C- Development of a confirmaiory enzyme-linked immunosort5cnt as- 
say for H!V-1 anUbodie... Clin Ckem 35:94^52, 1989. 
Baur A, Vomhagen R, Korn K, Sonncborr. HH, Ebcrle.n B Hanw T, 
Brockhaus W Jahn G: Viral cullure and p24 antigenemia of human im- 
munodenciency virus (HIV-infected individuals wi«b MU- 

body profiles determined with recombinant polypcpudes of all HlV-1 
open-reading fram<;s. J M/«t Dis 165:419^26, 1992. 
DalgleishA.WcissRA: Human retroviruses . \nPHnclples<md PracUct 
of Clinical Virology. AJ Zuckerman. JE Banaivala, JR Patlison, eds. Wifcy 
& Sons. New YorJc, 1 987. pp 5 1 7-543. 
58 Ishikawa S. Hashida S. Kohno T. Ishikawa E: Use of m»croplate» aitd 
nuororeader for ultrasensitive enzyme immunoassay (tmmunc complex 
transfer enzyme immunoassay) of anti-HTLV-I igG. J CUn Lab And 
8: 327-331, 1994. 

59. Ishikawa S, Hashida S. Nakamoto H.Tanaka S, Kojima M, IshUtiwat: 



56 



37 



Further simplification of ultrasensitive enzyme immunoassay (immune 
complex transfer enzyme immunoassay) for anti-HTLV-I IgG using 
microplaies and flucroreadcr. J Cim Ub Anat 9:204-2 11 . 1 995. 

60 Ishikawa S. Hashida S, Nakamoto H.Tanaka S, Kojima M. Ishikawa fc. 
Simpler and mor« sensitive immune complex transfer enzyme immu- 
noassay for anti-HTLV-l IgG using modified polystyrene beads, 
microplates and flucroreadcr. Anal Lett 28:161 1-I6I8. 1995. 

61 Hashida S. Ishikawa S. Nakamoto H.Tanaka S, Kojima M, Ishikawa 
Simple and more sensitive immune complex transfer enzyme immu- 
noassay for antibody IgG to reverse transcriptase of HIV- 1 using 
mkrioplaicv modified polystyrene solid phase, and fluororeader. ; CUn 
Lab Anal 10:294-301, 1996. 

62 Ishikawa S. Hashida S, Hashinaka K. Kojima Saito A. Takamizawa 
' A. Shinagawa H. Oka S. Shimada K. Ishikawa E: More sensmve im- 
mune complex transfer enzyme immunoassay for antibody IgG to pl7 
of HIV- 1 with shorter incubation time for immunoreactions and larger 
volumes of serxim samples. J Clin Lab Anal 1997 (in press). 



BNSDOCID: <XP 21 1 7623A_I_> 



